Objectives: The robotic retroauricular approach and transoral endoscopic thyroidectomy vestibular approach (TOETVA) have been employed to avoid anterior neck scarring in thyroidectomy with good success. However, outcomes have yet to be compared between techniques. We compare our initial clinical experience with these approaches for thyroid lobectomy at our institution.
INTRODUCTION
The transcervical approach (TCA) established by Emil Kocher is the most widely used for thyroidectomy. 1 Advancements in operative technique have led to decreased morbidity, mortality, and surgery through ever-shrinking cervical incisions. 2 Despite these improvements, studies have demonstrated that there can be a significant negative impact on patient quality of life (QOL) as a result of a visible cervical scar. 3 Moreover, it is not only the severity or length of the scar but the mere presence of one that leads to this finding. 4 International communities, most notably in Asia, have made significant strides in remote access and minimally invasive thyroidectomy while demonstrating safety profiles similar to those through a traditional anterior cervical incision. These techniques include endoscopic or robotic breast, bilateral axillobreast, and axillary incisions, as well as the retroauricular approach. 5 More recently, transoral thyroidectomy has become a favored approach as it provides midline access to the thyroid with minimal extracervical tissue dissection and no cutaneous scar. 2, [6] [7] [8] [9] [10] [11] [12] Despite this experience, the North American experience has been decidedly different. 5 Early excitement for remote access thyroidectomy was tempered when novel complications were reported via the transaxillary approach. 13 Some of this was thought to be due to the differing patient demographics and larger body mass indices (BMI) of most patients in the US cohort relative to the Korean patient population. Moreover, approaches utilizing unfamiliar dissection planes may have also contributed to the comparatively negative North American outcomes. Given these concerns, Terris et al. described the robotic facelift thyroidectomy (RFT) via a retroauricular approach. 14 
RFT aimed to use dissection planes
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From familiar to head and neck surgeons, approaching the thyroid from a superior and lateral dissection. More recently, Anuwong described the transoral endoscopic thyroidectomy vestibular approach (TOETVA), which similarly, utilizes a familiar dissection plane but provides a midline surgical field with equal access to both thyroid lobes. 10, 12, [15] [16] [17] As early North American adopters of both techniques, our institution wished to compare our initial experience with RFT and TOETVA in terms of outcomes, complications, and learning curve. To our knowledge, this is the first manuscript to compare the experience with TOETVA and RFT at a single institution.
MATERIALS AND METHODS

Data Collection & Analysis
A retrospective review of all initial consecutive patients who underwent robotic facelift thyroidectomy (RFT) between August 2011 and August 2016 was conducted and compared with the same number of the initial consecutive patients whom underwent TOETVA for thyroid lobectomy between September 2016 and September 2017 at our institution. All patients met indications for hemithyroidectomy according to the current American Thyroid Association (ATA) Guidelines at the time of the procedure. 18, 19 All patients were counseled on available surgical options and the possible conversion to TCA, and written informed consent was obtained. A single surgeon completed all RFT cases, while a separate surgeon completed all TOETVA cases. The surgeon completing the RFT cases was an experienced robotic surgeon with fellowship training in head and neck surgery and a high-volume transoral robotic surgery practice. For the TOETVA cohort, the surgeon was a high-volume endocrine surgeon, with fellowship training in head and neck endocrine surgery. He did not, however, have prior laparoscopic surgical experience.
Indications for RFT included: 1) motivation to avoid an anterior cervical neck scar with or without a history of a hypertrophic scar or a keloid, 2) nodule size less than 6 cm in maximum dimension, and 3) thyroid lobe less than 7 cm. Exclusion criteria included: 1) cancer with extrathyroidal extension or lymph node metastasis, 2) Graves' disease or radiographic evidence of thyroiditis, 3) substernal extension, or 4) previous neck surgery or irradiation. Indications for TOETVA were in accordance with our published recommendations and included motivation to avoid a cervical incision with dominant nodule ≤ 6 cm in largest dimension if preoperative cytopathology was indeterminate or benign, or nodule ≤ 2 cm if cytopathology was suspicious for malignancy or consistent with well-differentiated thyroid cancer. Those with a history of head and neck surgery or irradiation were excluded as were patients with lymph node metastasis or extrathyroidal disease extension. 20 Demographics, imaging findings, nodule characteristics, preoperative and postoperative diagnosis, and other characteristic variables were obtained from the electronic medical record. Outcome measures collected for each technique included the following: completion of the intended procedure, presence of persistent (symptoms present for >3 months) recurrent laryngeal nerve (RLN) or mental nerve injury, operative time (incision to closure), and postoperative day of discharge. Secondary outcome measures included use of a surgical drain, incidence of hematoma/seroma, and inadvertent presence of parathyroid glands within the specimen (incidental parathyroidectomy). Differences in means of parametric demographic and characteristic data were compared between the two cohorts with an unpaired t-test. Nonparametric data including operative time, largest specimen dimension, and postoperative day of discharge were compared with the Mann-Whitney U test. The Fisher's exact test was used to determine differences between cohorts in categorical data. A linear regression model was used to define a learning curve for each cohort based on the slope of the operative time vs. case number trend line calculated through the least squares method. Statistical analysis was completed in Stata Statistical Software: Release 15 (StataCorp LLC, College Station, Texas, U.S.A.) with an alpha of 0.05 used as a cutoff for statistical significance. Johns Hopkins Hospital Institutional Review Board approval was obtained for this study.
Surgical Procedure RFT
Our technique is similar to what was described by Terris et al. 14 After intubating the patient with a neural integrity monitor electromyogram endotracheal tube, a retroauricular incision extending to the hairline is marked.
Skin and subplatysmal flaps are elevated with preservation of the great auricular nerve. The sternocleidomastoid muscle is distracted laterally and retracted. The strap muscles are elevated and a retractor is placed underneath them. The retractor is suspended from the table and the robot is docked. At this point the thyroid lobe is easily identifiable. The superior pole of the thyroid is divided using the Harmonic scalpel (Ethicon Corp, Somerville, New Jersey, U.S.A.). This is usually done under direct vision after which the remainder of the dissection is done robotically. The RLN is identified and preserved with the assistance of a nerve stimulator. The parathyroid glands are identified and preserved. Again, using the ultrasonic energy device, the isthmus is divided, and the gland is removed. The recurrent and superior laryngeal nerves are stimulated and confirmed to be functionally intact. At the surgeon's judgment, a drain is placed posterior to the hairline and removed prior to discharge (usually within 24 hours). The wound is closed in the standard fashion. The patients were seen during their follow up appointments and their incisions were evaluated (Fig. 1) .
Surgical Procedure TOETVA
Our technique for TOETVA was adapted from that of Anuwong and has been previously described by our group. 10, 15, 17 In Fig. 1 . Postoperative appearance of the retroauricular incision for RFT. RFT = robotic facelift thyroidectomy.
brief, the patient is positioned supine and intubated with a 6.0 or 7.0 nerve monitoring tube orotracheally. Three incisions are then made in the oral vestibule to accommodate central and lateral trochars. The central incision is 1.5 cm in length and is placed beyond the cranial aspect of the buccal-mandibular frenulum, while two stab incisions are made at the lateral most aspect of the oral commissure in the mucosal border to avoid mental nerve injury and instrument collision (Fig. 2 ). A subplatysmal pocket is then developed with use of mechanical dilators. An endoscope is then inserted through the central trochar, and the subplatysmal flap is then fully elevated to the level of the sternal notch inferiorly and sternocleidomastoid muscles laterally with use of endoscopic instrumentation. CO2 insufflation is utilized to maintain this working space and the midline raphe is identified, divided, and the ipsilateral strap muscles are elevated. The thyroid isthmus is then divided and lobectomy is performed in a top-down fashion utilizing the trachea as a landmark for the RLN, which is most often identified at 2 o'clock and 3 o'clock from the anterior trachea on the right side, and between 9 o'clock and 10 o'clock on the left. Once the lobectomy has been completed the specimen is placed in an endocatch bag and removed via the central incision. Oral incisions are closed with dissolvable suture. (Fig. 3) 
RESULTS
Forty total patients were identified and selected for thyroid lobectomy using the above criteria, with 20 patients each in the RFT and TOETVA cohorts (Table I) . Cases in each cohort were completed consecutively and were the initial such cases completed at our institution. All patients underwent fine needle aspiration biopsy (FNA). Demographic and characteristic data for both cohorts are found in Table II , while surgical outcomes are highlighted in Table III One patient in the RFT cohort had sacrifice of a small branch of the great auricular nerve during elevation of the subplatysmal flap. Fourteen patients (70%) in the RFT cohort had drain placement at the time of surgery compared to 2 (10%) in the TOETVA cohort (P = .0002). Median postoperative day (POD) of discharge for the RFT and TOETVA cohorts were 1.0 (1-2) and 0.5 (0-1) days, respectively (P = .002), with 50% of patients in the TOETVA cohort being discharged on POD 0 compared to 0% in the RFT cohort. Two patients in the RFT cohort developed postoperative fluid collections. One RFT patient had persistent nausea and vomiting postanesthesia and subsequently developed a seroma, which was drained and controlled with a pressure dressing at that time. The other RFT patient developed a hematoma that required evacuation in the operating theatre on postoperative day 7. One patient in each cohort (5%) had temporary vocal fold palsy that recovered spontaneously within 3 months. Three patients in the RFT cohort developed postoperative hypertrophic scarring, along the postauricular limb of their incision compared to zero in the TOETVA cohort (P = .23).
On final pathology, 6 patients had papillary thyroid cancer (PTC) in the RFT cohort, while in the TOETVA cohort 2 patients were found to have PTC, 1 NIFT-P (noninvasive thyroid neoplasm with papillary-like nuclear features), and 1 patient with minimally invasive Hurthle cell carcinoma. The remainder of patients in both cohorts were found to have benign pathology. As per the ATA guidelines 18 at the time of surgery, completion thyroidectomy was recommended in four patients in the RFT cohort, of which three patients elected to undergo completion thyroidectomy via TCA while the remaining patient did not elect to pursue further surgery. Conversely, no patients required completion thyroidectomy per current ATA guidelines 19 in the TOETVA cohort, however, one patient with Hurthle cell carcinoma elected to have completion thyroidectomy via the transoral approach. She underwent uncomplicated completion thyroidectomy via TOETVA 9 days following her initial procedure. As a result of completion thyroidectomies and/or conversions to TCA a total of 17 of 20 and 19 of 20 patients ultimately avoided a cervical incision in the RFT and TOETVA cohorts respectively (P = .60). The slope of the learning curve for the RFT cohort was 0.29 (95% CI, −3.58 to 4.16), which was not significantly different from a slope of 0 (P = .88), while the slope of the learning curve for TOETVA was −8.32 (95% CI, −12.69 to −3.95), which was both significantly different from a slope of 0 (P < .001) and from the slope of the RFT learning curve (P = .005) (Fig. 4) . Additionally, when examining the median operative time of the final 10 cases in each cohort there was significant difference with a median of 187 minutes in the RFT cohort compared to 145.5 minutes in the TOETVA cohort (P = .04).
DISCUSSION
Both RFT and TOETVA are safe and effective techniques for performing thyroid lobectomy. There were no incidences of permanent RLN injury in either cohort. One patient in the RFT cohort had intraoperative sacrifice of a branch of the great auricular nerve to facilitate skin and subplatysmal flap dissection. Based on the surgical approach, the marginal mandibular nerve (RFT) and the mental nerve (TOETVA) are also potentially at risk with these remote-access techniques. However, there were no permanent injuries to these nerves in either cohort in our experience. The intended procedure was completed in 100 and 95% of the cases in the RFT and TOETVA cohorts, respectively. Moreover there was no significant difference in median operative times between the techniques. There were, however, significant differences between the groups in postoperative day of discharge, proportion of patients undergoing drain placement, and learning curve (Table III) . Of note, we found no significant difference in patient clinical characteristics that may have affected the difficulty of the procedure, including BMI or maximum surgical specimen dimension. As such, any resultant differing outcomes are likely not due to these factors, and are more likely reflective of inherent qualities of the techniques themselves (Table II) . Moreover, though the RFT series preceded our TOETVA experience, two separate high volume thyroid surgeons performed cases independently for each cohort. As such, techniques learned from RFT were less likely to translate to improved outcomes in the later series. Further evidence can be seen when examining the incidences of postoperative seroma and hematoma that occurred in the RFT cohort with no such events in the TOETVA group despite the lower rate of drain placement.
Although there was no significant difference in median operative time between techniques, the slopes of the linear regressions of the trends in operative time for each approach were different (Fig. 4) . The learning curve for any given procedure can be defined by two facets, the rate of skill acquisition and the case number after which proficiency has been reached. Previous studies examining the learning curve for remote-access approaches to the thyroid have defined the case number after which operative time vs. case number plot plateaus as the proficiency case. 21 Although the case volume of both cohorts did not provide an adequate sample size to identify a plateau point and henceforth proficiency case in either series, there was a difference in the slopes of the linear regressions as described above. The slope of the linear regression of the operative time versus case number plot was 0.29 for the RFT cohort, which was not significantly different from 0, suggesting no significant change in procedural proficiency. Conversely, the slope of the TOETVA regression line was −8.3, which was both significantly different from 0 and from the RFT cohort trendline. This corresponds to a difference in the rate of skill acquisition, and as such, a difference in learning curves between TOETVA and RFT.
One factor that may have contributed to the differences in learning curves between procedures is the frequency with which they were performed. Our 20 RFT cases were completed over a 4.5-year period, while the same number of cases were completed in 1 year in the TOETVA cohort. That being said, our institutional learning curves are consistent with previous literature citing the learning curve for robotic thyroidectomy techniques to be on the order of 35 to 50 cases, while an estimate of 7 to 10 cases has been previously cited as the learning curve for TOETVA. 11, [21] [22] [23] Likewise, the difference in baseline experience between surgeons in the respective cohorts may have also contributed to the difference in rate of skill acquisition, as the surgeon in the TOETVA cohort had no prior laparoscopic experience, while the surgeon in the RFT cohort was an experienced transoral robotic surgeon. As such, it is possible that the steep slope of the learning curve seen in the TOETVA cohort was a function of laparoscopic skill acquisition and may not be specific to the procedure itself. If so, this may suggest that after this initial steep portion of the learning curve where laparoscopic skills are quickly developed, TOETVA may be able to be performed significantly faster than RFT. This is supported by the TOETVA operative time trend and the fact that there was a significant difference in the operative time of the final 10 TOETVA cases in comparison to the final 10 RFT cases (145.5 minutes vs. 187 minutes, P = .04). To understand this further, the learning curves of various surgeons with differing levels of respective laparoscopic and robotic skill will need to be analyzed for each technique.
In the United States, there may be less motivation to adopt these longer surgical techniques in the absence of commensurate increases in reimbursement. 5 Transcervical thyroid surgery has an excellent safety profile in experienced hands, and can also be done efficiently. When opting for TCA, patients and surgeons expect excellent outcomes with a cervical incision that heals well in most patients, and they increasingly expect such surgery on an outpatient basis. In a system in which "time is money," the safety, efficacy and efficiency of traditional techniques have established a high threshold to further innovation. In such a setting, slower remote access surgeries, especially those with the added expense of the robot, may be difficult to justify for all patients. Despite this, however, some patients would be willing to pay more and accept a higher risk of complications if they were able to avoid a cervical incision.
There is a learning curve with the various remote access techniques, and indeed with any new technique. Despite this, early outcomes with TOETVA show significant promise. Unlike other remote access techniques, TOETVA appears to have a relatively short learning curve and operative times that are trending towards that of TCA as more cases are completed. While this has been demonstrated in a large volume Asian cohort, it is not clear that this generalizes to the Western population.
11
Our early experience and results suggest that TOETVA's international success can be replicated in North America. Moreover, 50% of patients in our TOETVA cohort were discharged to home the same day as surgery, including the final 6 cases. If these trends continue, the difference in cost between TOETVA and TCA may become negligible, particularly because TOETVA does not require the added cost of a surgical robot. Furthermore, given some patients' willingness to pay more to avoid a neck scar and the cited negative impact on quality of life that neck scarring can have, we may find that TOETVA in fact provides greater health utility than TCA in select cases. 4, 24 Further studies are needed to better quantify both the cost of TOETVA in comparison to TCA and the societal value in avoiding a cervical incision.
CONCLUSION
RFT and TOETVA can both be safely utilized to perform thyroid lobectomy in the Western patient population, but the learning curve with TOETVA appears to be shorter. Additionally, the ability to discharge patients on the same timeline as TCA, with operative times trending towards that of the open approach provide great promise for TOETVA. Moreover, the use of instrumentation widely available at most hospitals lends TOETVA to broader adoption and implementation for many institutions. This series adds to the existing literature on anterior cervical incision-sparing thyroid surgery in the United States, and offers patients and surgeons further perspective in regards to two potential techniques. Further studies are needed to quantify the cost of each technique in comparison to TCA and to determine the true value each may provide.
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